The kinetics of the cytological or in. situ DNA-RNA hybridization reaction between 1 2 5 I HeLa cell 18S and 28S rRNA and the interphase nuclei of Chinese hamster cells were studied. The reaction is consistent with the expected first order kinetics, and the value of the rate constant was very similar to the value obtained from analogous filter disc DNA-RNA hybridization experiments. This similarity in the rate constants and the known relationship between the rate constant and the complexity of the RNA hybridized, define conditions to optimize the iji situ hybridization reaction.
INTRODUCTION
Cytological or ill situ DNA-RNA hybridization is an extremely powerful technique for determining the chromosomal location of Darticular nucleic acid sequences (1) (2) (3) . Chromosomes which have been spread and fixed on a microscope slide are denatured and hybridized with a radioactive RNA in a manner analogous to other DNA-RNA hybridization experiments. The slides are then covered with an autoradiograohic emulsion and developed. Although this procedure removes a considerable amount of material from the chromosomes, the gross cytological features are retained and the location of the autoradiographic grains can be related to the cytological structure. Many aspects of this procedure appear similar to the well described RNA excess DNA-RNA hybridization experiment on Millipore filters (4) . In both cases the denatured DNA is immobilized on a solid support and an excess of radioactive RNA is incubated in the solution about it. The major differences which could alter the characteristics of the hybridization reaction seem to be that in the iji situ experiments the distribution of the DNA on the slide is not uniform and that an unknown amount of protein remains on the slide. In this paper we will demonstrate that the kinetics of iji situ hybridization of ribosomal RNA are very similar to that found by others using the filter disc method.
MATERIALS AND METHODS
1 2 5 I labeled HeLa 18S and 28S rRNA (specific activity = 5.3 x 10 7 dpm/ug) was a gift from Dr. Wolf Prensky (5) . Prior to use the RNA was repurified on CF 11 (6) , ethanol precipitated with carrier yeast sRNA and redissolved in 2XSSC:5O% formamide pH 7.0. The stock solution of iodinated rRNA was 1.65 ug/ml containing 4 mg/ml carrier sRNA. Dilutions of rRNA were made with sRNA in the above buffer.
Slides made from two different Chinese hamster tissue culture cell lines DC-3F and DC-3F/AD X were a gift from Dr. June Biedler (7) . The in situ hvbridization orocedure generally followed that given in Wimber is not a competing reaction since it has been shown that nreincubation of the slides in hybridization buffer before the addition of the RNA does not change the saturation value (9) . Therefore, the hybridization reaction is first order in DNA and RNA:
-. = -kDC r so that In -JT-= -kC r t
The fraction of sites which have reacted with complementary RNA is given by:
Let G be the number of silver grains per nucleus in a given experiment, The in situ rate constant agrees with these values within experimental error.
The rates would not be expected to be exactly the same since somewhat different conditions were used in the in situ and filter disc hybridizations, and the rRNA's differ slightly in complexity. Also, mismatching would cause a small rate decrease in the heterologous in situ experiments (11) . In filter disc DNA-RNA hybridization experiments, the value of the rate constant has been found to be inversely proportional to the complexity of the RNA as would be expected for a reaction determined by the initiation event (10) . Since no long stretches of repeated sequence are present in rRNA, k can be related directly to the molecular weight of the RNA and the value of k is expected to be similar for all rRNA hybridization experiments.
It is of considerable interest, therefore, to determine whether the same relationship is true for _iri situ hybridization experiments as would be suggested by the similarity of the rate constants for the two systems. We have started to study the kinetics of Drosonhila melanogaster 28S rRNA binding to the nucleolus and 5S rRNA binding to chromomere 56F on the polytene chromosome (2) in order to determine this point. Preliminary data give approximately the expected value for the rate constant of 28S rRNA but' give an unexpectedly slow rate for the 5S rRNA. However, other variables that may affect the rate are the length of the RNA molecules and the possibility of diffusion limiting the reaction rate as can also occur in filter disc hvbridization (10, 13) .
It is clear that when in_ situ hybridization is to used to localize DNA sequences in chromosomes, the concentration of RNA and the time of hybridization must be carefully controlled. Since the reaction is essentially complete (97%) when run at 5 times the C r tj/2 value, longer incubation times should be avoided to prevent the detection of small amounts of impurity present in an RNA preparation. This precaution is especially important if the impurity hybridizes to a much higher saturation value than the RNA being tested. Indeed, it is probably best to perform an in situ localization experiment at a variety of conditions to ascertain that the kinetics give the behavior expected for the RNA being used.
